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[57] ABSTRACT 

An automated system that assesses the quality of service 
provided by a cdhilar radiotelephone system. The system 
uses apparatus bcated at a mobile station that remotely 
controls ^paratus located at a fixed station. A cellular 
radiotelephone call is placed from the mobile station which 
is received at the fixed station. When the connection is 
established, commands arc sent from the mobOe station to > 
the fixed station that coniiguie and control the operation of 
the fixed station. Many calls between the mobile station and 
the fixed station are placed and received by the mobile 
station each under contrd of the mobile station. During each 
call, recordings are made of &e progress of the caU and die 
audio quality measurements obtained during the caU from 
both die mobile and fixed stations perspectives. Audio 
quality measurements are made utilizing enhanced audio 
quality measurement techniques that allows simultaneous 
measurements of audio quality in both the uplink and 
downlink channels of a cellular radiotelq)hone call utilizing 
two test tones instead of the single test tone that is normally 
used. The results of a number of cellular radiotel^hone calls 
are later combined to form a set of statistical indicators that 
effectively rqjresent the quality of service provided by a 
cellular xadiotdqihone system. The system provides means 
for comparing die quality of service provided by competing 
cellular radiotelephone semce providers and for coniparing 
die quality of service provided by diffcrmg cellnlar radio- 
telephone technolpgy types. 
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AUTOMATED QUALITY ASSESSMENT 
SYSTEM FOR CELLULAR NETWORKS BY 
USING DTMF SIGNALS 

This plication is a division of application Scr. No. 5 
08/204/619 filcdMar. 1, 1994 which issued on Feb. 6, 1996, 
asU.S.PaLNo. 5.490204. 

FIELD OF THE INVENTION 
™ ... . . . , 10 

The present invention relates to point to point wireless 
conmumicattons systems including cellalar iadiotelq>hone 
communication systems. More specifically, this invention 
relates to methods and apparatus for providing automated 
assessment of the quality of service provided by cellular 
radiotelephone communication systems. 

BACKGROUND OF THE INVENTION 

The basic structure and operation of a ceUular radiotele- 
phone system are well known and have been disclosed in a 20 
number of publications. See, for example the January 1979 
issue of Ihe Bell System Technical Journal; and Specifi- 
cation EIA IS-3B entitled "Cellular System Mobile 
Station— Land Station Compatibility SpecOlcation" (July, 
1984, Electronic Industries Association). 25 

Signal-strength analyzers are en^loyed in the prior ait to 
measure and report signal strength information of the radio 
frequency communication channels which are used in cel- 
lular radiotelq>hone systems. This information is used to 
ensure reliable operation over the service provider's cover- 
age area. In mature cellular radiotelephone syst^, where 
the cell sites have grown to be very dense, the measurement 
of signal strength alone is not enough to ensure the reliable 
opoation of the cdlular system. 

Providers of ceUuiarradiotd^one service need to ascer- 
tain whether or not high quality cellular service is being 
provided to all areas where the cellular radiotelephone 
system provides service. Current means for determining the 
quality of service provided by a cellular radiotdqihone ^ 
system are manually intensive requiring a person at the 
mobile and fixed stations of a ceMar radiotelephone con- 
versation. These people plax and receive cellular radiotele- 
phone calls, monitor the progress of the call, rate the darity 
of the audio for the call, note the graphical location of the ^ 
mobile station call, and record success or failure for each 
call placed or received. 

This tediniquc of measuring cdlular radiotelephone sys- 
tem quality is very tedious, and is highly susceptible to 
human error especially after long periods of data collection. ^ 
The manual rating of the audio quality during each cdlular 
radiotelephone call is especially vulnerable to human inter- 
pretation. One person may rate the audio quality of a call 
acceptable whOe another person would rate the audio quality 
of the same call unaccq)table. Of even greater concern^ the ^5 
same person may rate equal audio quality accq}table one 
day and unacceptable die next day. 

Additionally, when competitive coii^)arisons between 
multiple cellular radiotelq>hone service providers , are 
required or when differing cellular radiotelephone tecfanolo- ^ 
gies need to be conqiaied, multiple sets <^ people need to be 
employed to complete each comparison. 

Therefore, cellular radiotelephone service j^oviders need 
to rely upon automated, in-fidd, geograjMcally-located 
recordings of call progress and measurements of the cellular 65 
radiotdephone audio quality to dther verify high quality 
cellular coverage or identify problem areas which need 



2 

attention. The measurement of ccEular radio tdcphonc sys- 
tem quality needs to be icpcatablc between days, weeks, 
months and even years of testing for statistical accuracy. 

SUMMARY OF THE INVENTION 

Accordingly, a principal object of the fS'esent invention is 
to provide improved methods and apparatus for an auto- 
mated syst^ for assessing the quality of service provided 
by a cellular radiotdephone system. 

It is another object of the present invention to provide 
improved methods and apparatus for measuring the audio 
quality of a cdMar radiotdephone call in both die uplink 
and downlink channels simultaneously utilizing digital sig- 
nal processing techniques. 

It is a further object of the present invention to provide 
improved methods and apparatus for providing a statistical 
analysis of the quality of service assessment 

It is an additional object of the present invention to 
provide in^>roved methods and q)paratus for making com- 
petitive and technological conq)arisons of the quality of 
service provided by different cdlular radiotdephone com- 
munication systems. 

The principal structural features for attaining the objects 
of this invention arc summarily outlined in the following 
paragraphs. O&er secondary features are desoibed in the 
se(^on entitled DetaOed Description of the Preferred 
Embodiment. 

The present inv^tion provides improved and automated 
methods and iq)paratus for assessing the quality of the 
service provided by a cellular radiotdq>hone system. This is 
acconq^ished by utQizmg apparatus that places and recdves 
cellular radiotdephone calls, monitors and records the 
progress of each call, determines and records (he audio 
quality obtained during each caU» rates and records the 
quality of each individual call based on the call progress and 
obtained audio quality firom both the mobile and fixed 
stations perspectives, and combines the results of a number 
of cellular radiotel^hone calls to form a set of 'statlsticali^ 
indicatars"that efifectivdy rqpresent the quality of service 
provided by a cdlular ratUotdcphone system. In addition, all 
of the collected data are gcod^dy referenced to the location 
of the mobile station which provides information needed to 
analyze and correct problems identified within the cellular 
radiotdephone system. 

The assessment of the quality of service provided by a 
cellular radio system is completed in two stqps. 

In step one, automated ^aratus places and recdves 
cdlular radiotdq)hone calls between a mobEe station and a 
fixed station at specified time intervals and call duraticm. The 
opaation of the fixed station is remotdy controlled by the 
mobile station, thus providing a system that can be cpoated 
by a smgle cp^tor. The operator configures the parameters 
needed for the cellular radiotelephone quality of service 
assessment and begins the assessment at the mobile station 
and the collection of data is then totaQy automada The 
operator then has the option of moving the mobile station 
anywhere within the service area provided die cellular 
system in order to assess the quality of service provided 
within the said service area. 

During die cellular radiotelephone calls the clarity of the 
audio channd is measured at both the mobile station and the 
fixed station utilizing Digital Signal I^ocessing (DSP) tech- 
niques which remove any human interpretation of the audio 
quality of die call and thus provides repeatability of the 
mea^ements fi?om call to call The DSP audio measure- 
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ment subsystems present at both the mobile and fixed ends FIG. 9 shows a flow chart detailing the end call process 

of the cellular ra(iiotelq)hone utiMze enhancements to well used in die MQM system; 

known methods of audio quality measurement. The pjg. lo shows a flow chart dialling the classify call 

enhancements allow audio quality measurements to be made process used in the MQM system; 
simultaneously at both die mobile and fixed ends of the s hG. 11 shows a flow diartddaiUng the wait for call state 

ccUular radiotclq)honc call The prefored embodiment ^ ^ 

teaches that the well known SINAD and C notched noise , „ . ^. ^ 

. . u • u V J * • u FIG. 12 shows a flow diart detaihng the collection state 

audio measurement techmques can be enhanced to sunulta- r: .. ^ rrr^xM -*» 

neously measure audio quality at both ends of a cellular "^^^ ^ 

radiotelephone caU by utilizing two audio tones instead of lO FIG- 13 shows a flow chart detailing die wait for caH state 

the single tone that is normally used. "sed in die FQM system; 

The progress of each call is also monitored for any of die FKJ. 14 shows a flow chart detailing die wait for com- 

well known cellular radiotelephone system anomalies diat roand state used in die FQM system; 

could contribute to poor cellular radiotelephone system HG. 15 shows a flow chart detailmg die identify com- 

quahty. These anomalies— blocked calls, dropped calls, mand process used in the FQM systemi; 

calls widi SAT fedes, calls wifli strong adjacent channel fjq, shows a flow chart detailing die measure com- 

signal strengdi, calls widi excessive handoffs, no service call j^^^ process used in die FQM system; 

attempts, and ROAM call attempts are recorded together ^ ^^^^^ ^ ^ 

wididiemeasuredaudioquahtymordertoassessdiequahty ^and process used in die FQM system; 
of service provided by die cellular radiotelq)hone system 20 

. ' r / HG. 18 shows a flow chart dctading die end call wdh call 

under evaluation. . , , j . i^^, ^ 

^ . ^ , ^ c^. 1-^ . back command process used m die FQM system; 

The second step m die assessment ofdiequahty of service ^ , ^ . ^ / 

provided by a cellular radio system is completed by com- 1^ ^hows a flow chart detailing the measure state 

bining die results recorded by die mobUe station and die ^ ^« 

fixed station. The combination is acconqdishcd by matching ^ FIG. 20 shows a flow chart detailing the waiting to call 

die time of day of die recordings made by die apparatus state used in die FQM system; 

controlling die mobile and fixed stations. Once die data are FIG. 21 shows a simplified block diagram oi nomaL 

matchedstatisticaltablesandgrapbsaiecreateddiatprovide SINAD measurements; 

die mfonnation needed to grade die quality of service fKj. 22 shows a simplified block diagram of enhanced 

provided by die cellular radiotelephone system. Maps arc ^ sinaD measurements; 

also created diat indicate die geographic areas where poh- ^ ^ ^^^^ ^ 

lems exist and oorrecUons to die ceUular radiotelephone ^^^^ ^ 

system arc needed. FQMdata; 

The present invention also provides mediods and appa- _ . . . . ... . nriA 

^ / ^- I*-* I un -* *j J T J 35 FIG. 24 shows the user mtenace provided by die OQA 

ratus for supportmg multiple » mobile stations and fixed !*^*t^^ «™t 

L -J * 1* A i I system when mergmg files rcr call statistic r^>ort genera- 
stations which provides support for simultaneous data col- ' , ^® ^ * 

lections con^aring ctmipedng cellular radiotelq)hone sys- 

tems and differing cellular radiotdephone technology types FIG. 25 diows die user interface provided by die OQA 

whUe still utilizmg only a single operator. system when selecting die types of call statistic reports to be 

" ' " generated; 

BRIEF DESCRimON OFTOE DRAWINGS ^ MA sbows atypical caU totals table ontputftomthe 

In order diat all of die structural and functional features qQA system, and FIG. 26© shows die same information in 

for attaining die objects of die Automated Quality Assess- gri5)hical form; 

ment System for CeUular Networks may be readily ^TA shows a typical caU pm^tages table output 
midcrstood,detafledrcfcrenceishcrcuimadetodieaccomr « ^^n^ the OQA system, HG. 27B shows die A Band data in 

panying drawings, whadn: graphical fcm, and HG. 27C shows die B Band date in 

FIG. 1 shows a sunplified block diagram, illustrating die graphical form; 

dirce ^dpai components of Automated Qialijy Ass«s- ^ ^ ^ ^^^^ ^ 

ment System for CcUulat Nctworics namely, 1) Mobdc svatem- and 

QuaHty Measurement (MQM) system, 2) Fixed QuaHty ^0 ^^^^7^^ . u- . ^ *u • ^• 

Measiiement(FQM)systeiiandWceQu^ ^iS^^t'^IJ'r^^^^r?^.'^^ 

fOOA^svsteim ' ^ / / ages of tiie A Band data of FIG. 28 and FIG. 29B shows m 

riJ^^ • I'll J LI i_ J* graphical fonn the periodic percentages of die B Band data 

FIG. 2 shows a sunplified block diagram of the Mobile TfVTQ 28- ir* y 

QuaUty Measurement (MQM) systemi of HG.l; ' 

FIG. 3 shows a sinqilified block diagram of die Fixed DETAILED DESCRIFIION OF THE 

Quality Measurement (FQM) system 2 ci FIG. 1; PREFERRED EMBODIMENT 

HG. 4 shows a simplifi^ block diagram of die Phone ^^^^^^^^ paragraphs describe in detail die mediods 

Lme mtcrfacc board 14 of HG. 3; and apparatus utilized b die currentiy preferred embodiment 

HG- 5 shows a flow diart detailing die collection state ^ ^o perform an assessment of die quaUty of service provided 

machine used m die MQM system; ^y a ceflular radiotelq)honc system. The currendy preferred 

FIG. 6 shows a flow diart detailing die place call state embodiment in shown as a simplified block diagram in HG. 

used in die MQM system; i. The Automated (Juality Assessment System for Cellular 

FIG. 7 shows a flow chart detailing the wait for voice Networks, hereafter referred to as AQAS, consists of diree 
channel call state used in the MQM system; 65 principal components— die Mobfle Quality Measurement 

FIG. 8 shows a flow chart detailing die measure state used system 1, hereafter refeued to as MQM, die Fixed Quality 

in die MQM system; Measurement system 3, hereafter referred to as FQM, and 
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the OfSce Quality Analysis system 4, hereafter lefoied to ment any Motorola cellular radiotelephone that utilizes the 
OQA. The MQM 1 contains, monitors and controls one or aforenQentioned three wire bus inteiface can be utilized, 

more cellular radiotelephone mobile stations. The FQM 3 The DSP audio measurement subsystem 11 can be any 
provides service as one more fixed telephone stations and commercially available digital signal processor with related 

can be either attached to Public Switched Tdcphone Net- 5 analog to digital and digital to analog converters. All of 

WOTk 2C, hereaft^ referred to as POT^, or to dedicated which are weU known. For this prefetred embodiment the 

terminations 2D within the Mobile Telephone Switching Spectrum Signal processing DBV31A Floating Point Pto- 

Office 2B, hereafter referred to as Ml^O. Cellular radio- cesser is utilized. Attached to this DSP processor arc two 

telephone calls are placed between flie MQM 1 and FQM 3 Spectrum DB242A Dual aannd ADC & DAC cards eadi 

through the cellular radiotelejrfione system infrastructure Z lo of which provides two analog inputs and two analog outputs 

Data are collected by the MQM 1 and the FQM 3 specific to and thus allows connexion of up to four cellular radiotele- 

the progress and audio quality obtained by each cellular phones. The received audio from each cellular radiotde- 

radio tdephone calL placed. At the conclusion of a test the phone is connected to one of die four available analog 

data collected by the MQM 1 and the FQM 3 are tansfeired inputs. Audio tones generated by the DSP system are input 

to the OQA 4 through data paths 5 and 6. The OQA 4 then 15 into each radiotelephone via one of the four available analog 

matches the data collected by the MQM 1 and the FQM 3 witpii\s. Connections to the cellular radiotelephone are made 

based on the time or day of the collection to produce through the speafeer and microphone connections, 

statistical tables and graphs 4A that represent the quaUty of piQ, 3^ ^ simplified blodc diagram of the FQM 

the cellular service provided during the test Many sets of 3 ^o HG. 3, TTie FQM consists 

testdatacoUectedthroughoutthecoverageareaofaceUular 20 of a Industry Standard Architecture, hereafter referred to as 

radiotdephonesystmmay^combine^ (ISA), 803 86 based industrial computer whidi is used as the 

hensive view of the quality of service provided by the endosure and main contrdler for the FQM systan, one or 

cellular radiotdephone system bdng assessed, ^^^^ interface boards 14 whidi provide inter- 

FIG. 2 shows a simplified blodn diagram of the MQM connection to the phone Imes 15, a DSP audio measurement 

system 1 of FIG. 1. Refming to HG. 2, The MQM consists 25 subsystem 13 which makes audio quality measurements and 

of a laptop computer 7 which is used for the user interface a link to the OQA 16. 

and data storage, a navigation subsystem 8 which is usedfor xhe industrial computer 3 is equ4)ped with a 200 MB 
geodetic posltlonhig, a system controller 9 which is used tot fixed disk drive not shown which provides data andprogram 
communication and real time control of the data collection gt^j^age. The conmuter also provides the limited user inter- 
process, a cellular radiotelephone controller 10 whidi is 30 ^ ^ ^ pQj^ ^ interface 
used to control the attadied cdlular radiotdephone, an DSP p-ovides a indication that the data collection process is 
audio quality measurement 11 subsystem which is used to running. Undff normal conditions no user interface is 
measure the clarity of the audio during a cellular required with the FQM system as it is remotely controlled by 
radiotdefdione, and a one or more cellular radiotdephones MQM system 

"^diS^V^"^ V""^' access to the cellular 35 ^ Hnekterface board 14 provides interconnec 

ra efttione system. between the phone Hncs and the audio measurement 

The laptop con5)uter 7 can be any commerciaUy available subsystcEL Eadi phone line intaface board provides two 

laptop computer that has 2 serial ports and is capable of phone line connections. For diisprefcned embodiment up to 

running the Microsoft Windows qpcrating environment Fdr four phone line inteiface boards can be utilized aUowing a. ; - 

this preferred onbodimcnt the laptop computer used is the ^ FQM system that wiU handle a total of eight i*onc lines. 

GRiDCASE 1550sx. ^^^^ measurement subsystem 13 can be any ocan- 

The navigation subsystem 8 can be any source of navi- mcrdally available digital signal processor wift related 

gation information that is capable of providing position via analog to digital and digital to analog converters. All of 

a RS232 serial port For this preferred embodiment the ^ych hiomi. For this prefared embodiment the 

navigation subsystem used is the BOSCH Travdpilot Spectrum Signal processing TMS320C31 Real-Time Appli- 

The system controller 9 can be any controller that can cations board is utilized, Attadied to this DSP board are 2 

provide a serial interface to the laptop conqmter 7 and Spectrum AM/D16DS Crystal Analog Daughter Modules 

provide control functions to the cellular radiotdephone each of which provides two analog inputs and two analog 

controller 10 and the audio measurement subsystem 11. For ^ ou^uts. Two DSP cards can be used allowing concurrent 

this prefened embodiment the system controller is a Mizar processing f<x up to eight analog inputs and outputs. Each 

MZ8115 single board computer. DSP board is coupled to two phone line interface boards, 

The cdlular radiotdephone controller 10 can be any again providing support for up to eight ph(Hie lines, 

cellular radiotelephone controller tiiat allows control and The link to the OQA 16 can be a single data transfer via 

monitoring of the cdlular radiotd^hone to which it is 55 a magnetic disk» a serial connection via a cable or modem or 

connected. Control and monitoring of cellular radiotde- a link via a local or wide area network. For this prefened 

phones is well known, for ejcample see U.S. Pat. No. emi)odiment the transfer is accoiiq)lished via a magnetic 

5,289,526 Chymyck and Lemkc issued February 1994. Fbr disk or a local area network 

this preferred embodiment a controller from the prior art is FIG. 4 shows a simplified block diagram of the phone line 

cnq)kiyed. This controller allows control and monitoring of go interface board. For darity only one of two paralld channels 

up to 4 cdlular radiotdephones utilizing the Motorola diree are shown. Eadi phone line 17 is attached to a FCC 

wire bus interface. For additional information on the approved phone line interface module 18 that SQ)arates the 

Motorola three wire bus interface sec U.S. Pat No. 4^69, two wire phone line into transmit 30 and receive 19 audio 

^16' diannds. The receive audio 19 is routed to the input of a 

The cellular radio tdephone 12 can be any ceUular 6S Dual Tone Multiple Frequency, hereafter refored to as 

radiotdephone that can be externally controlled mad moni- DTMF, transceiver 22 and two programmable gain ampli- 

tored by a conq>uter interface. For this preferred embodi- fiers 20, 26. One of the programmable gain an^lifiers 20 is 
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used to provide ao external audio output 2L The other utilized are; enhanced SINAD^ enhanced C message 

programmable gain amplifier 26 is used to provide audio to weighted SINAD, C message weighted audio Icvd, mad 

the DSP audio measurement subsystem 27. Input to the enhanced C weighted notched noise measurements, 

transmit audio 30 is provided by a programmable tone The SINAD,C message weighted SINAD, and C-notched 

generator 25, the output of the DTMF transceiver 22 and a s noise audio quality measurement techniques utilized incor- 

programmable gain amplifier 28 that ii^uts audio generated porate a novel feature in the fact that two tones are incor- 

by audio measurement subsystem 29. porated instead of the smgle tone that is normally used. Two 

The DTMF transceiver 22 is used to decode messages tones are used in order to measure flie audio quality simul- 
sent to the FQM system by the MQM systenL After a taneously in both the cellular radiotelephone upUnk and 
message from the MQM system has been successfully downlink channels. Ai) example of the technique is dis- 
decoded the DTMF transceiver 22 is again used to acknowl- closed below for the SINAD measuiement, the same tedi- 
edge the successful message leceipt. If a message is not nique would also apply to the other well known measure- 
successfully decoded no response is given. ment types. 

The hardware tone generator 25 is used when the audio SINAD refers to the ratio of signal to noise and distortion 

measurement technique that is currently being utilized and is a expressed in dB. SINAD is calculated using the 

requires a tone to be transmitted from the FQM system to the following formula: 
MQM system. The utilizatLon of a hardware tone generator 

on the phone interface board frees the DSP audio measure- ^if^^^ ^ 201og 

mcnt subsystem from the processing overhead required to noise +distortioa 

produce a steady tone. ^ 

Interrupt logic 23 is provided to interrupt the controller in FIG. 21 shows a block diagram of how normal SINAD 

the case of a phone ring or upon the receipt or convicted measurements are made. The input audio 186 is an audio 

transmissioD of a DTMF digit signal that has passed through the device undff test, for 

An interface to the ISA data bus is provided for data 25 example a cdlular radiotd^honc system. The audio must 

transfer and control between the controUer and flie phone contain a 1 kHz tone. The audio is measured directly to find 

line interface board, ^® sipal-moise+4istortion 183. The audio is also 

A vionnc T*^;««f* ^^a o+«„ jy^iA^n* mi>\ .i«wf«r Passed through a 1 Khz notch filto: 182 that removes the 

AMSDOST^teand^yRcs^^^^ ^ J ^ 

the phone hue mtof ace board pr^^ the necessajy hard- ^ 

Ze'SZS?bll'L'd~ minimumacceptableSINADforradiocommunicadonsy^ 

phone line mterrace board and communicates to the mam ^ jTr^Ajr* 'jj j 

, . i. ^ r 1, J tems and a value of 20 dB or jzreater is considered good 

FQM system process through the use of a shared memory ™ * |7 ^ " 51 « vuo ^ 

buffer diat is created by the TSR. The shared memory buffer 2>INAU. 

is defined in TABLE A. (TABLES Athrou^ D appear atthe ™s mettiod of measuring SINAD works weU in a smgle 

end of this specification). 35 «aded system such as a standard FM broadcast radio 

„. J V 4_ 1 J receiver. A 1 kHz tone can be modulated onto an FM carrier 

Six I/O mapped hardware control registexs are accessed . ^^^t^^A m/i ««« ^t^a 

L ^ 1. I • • * ^ J • j_* •_4 and transmitted. Tne FM earner can then be received and 

by the phone bne interface device dnver. These registers are . ^i*jt„*u • j*^j*u«u* 

A . t' J _ 1 11 A V*. t demodulated by the receiver under test and the resultant 

used to imttahze and control all fiincdonahty of the phone ^ ^j-i^u rru^ji 

, ^ - f. J «u Y/rt J i—j 1 *i audio then measured as descnbed above. The method also 

hnehiterfaceb<^ workswellforsimultaneousmeasuremenL. of both channels, 

are hsted and described m TABLE B. of trufer full duplex commmiications systems, but problems^ 

The FQM system is completely remotely controUed by arise when simultaneous measuring Ae uplink and downlink 

the MQM system TTiis is accon^lished with command sent channels in a cellular radiotelephone system. It is well 

viaDTMFtonesgeneratedwiththeDSPaudiomeasurement portion of the cellular radiotelephone 

subsystem in the MQM system The FQM receives instruc- ^ communication infrastructure is truly full di^lex, but the 

tLonsthroughtheconomandsitreceivesthroughtheseDTMF cellular system loses the true full duplicity when commu- 

tones. The FQM acknowledges all commands it receives ^jj^tion is transferred to the PSTN where both paths of the 

witheitherapositiveorn^ativeacknowledgmentmessages communication share a'single path. An simple example of 

also sent via 0rMF tones. The messaging scheme used is this can be realized when speaking into a land line 

fully described in TABLE C ^ telephone, anything spoken into the microphone can be 

The audio quality measurements made by the FQM and hc^ in the speaker. The same problem exists in a ceMar 
MQM systems are identical in nature and are based on well radiotelephone transceivert anything spoken into the micro- 
known audio noise measurement techniques. For example phone can be heard in the speaker. When the normal method 
see ANSI/IEEE Standard 743-1984, **Methods and Equip- of measuring SINAD is attempted to simultaneously mca- 
ment for Measuring the IVansmission Characteristics of sure the both paths of a cellular radiotelephone call ttie two 
Analog Voice Frequency Circuits" and AJJSI/EIA/nA 204- i Khz tones transmitted at each end of the call interact with 
D-1989 "Minimum Standards for Land Mobile Communi- each other. 

cation FM or PM Receivers, 25-866 MHz". problem can be ovcrcMne in tiie cellular radiotele- 

The DSP based audio measurement subsystems utilized m phone environment by using two tones for making SINAD 

the FQM and MQM systems inc(Mporate well known tech- go measurements. One tone is transmitted from the fixed station 

niques for the filtering and measurement of audio signals. and a different tone is transmitted from the mobile station. 

These techniques are widely disclosed in a number publi- Eadi station uses a pre-notch filter that removes the locally 

cations. transmitted tone fixno the received audio, the measurement 

The DSP based audio measurements subsystems utilized of SINAD can then proceed as normal, 

in both the MQM and FQM subsystems allow any audio 65 FIG. 22 shows a blockdiagramofhow the normal SINAD 

quality measurement technique to be utilized. For tfiis cur- measurement scheme has been enhanced to allow simulta- 

rently preferred ^nbodiment the measurement techniques neous uplink and downlink measurements in a cellular 
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radiotelephone environment ntilizing cellular radiotele- radiotdepbonc is retrieved from the prior ait cellular radio- 
phone subscriber units as the mobile station. The input audio telephone controller (FIG. 2. 10) by st^ 32. The status 

190 is an audio signal that has passed through a celiular infonnation includes all of the wdl knom status informa- 
radiotelephone systenL TTie audio contains a tone was trans- pertaining to the opoation of a cellular radiotdq^one 
mitted from the opposite end of the cellular radiotelq)hone 5 including— service indicatioa, ROAM indication, channel 
call and part if not all of the tone transmitted from the local ^ voice/control SAT fade, adjacent channel signal 
station. The audio is then passed through a pre-notch filter strength, and number of handoffs. This status information is 

191 to remove the locaUy transmitted tone. TTie audio is then ^*^(f^^ (m^oM steps m the state process*^ If the 
measured to find the value for signal4noise+<iistartion 194. ^"^"^ radiotelephone is in the place call state 33 then 
THe audio is also passed through a notch filter 193 that lo ^her processing is taken^^ 

*v * . J ^ *L ^ ^ ^ J 39. If die cellular radiotelephone is in the wail for voice 

removes th^tone tnmsmilted from theremote station and ^ furth^^piocessing is taken in the wait 

thenmeasuredtofindtheresultantnoiseHlistortionl94.'nie ^^-^ ^^^j ^ ^.^^ssT^At If the ccUular 

SINAD value is then calculated normally using the afore- radiotelq)hbBe is in the measureTtete 35 then further 

mentioned calculation. processing is taken in tiie measure state process step 41. If 

The DSP audio measurement subsystems in the MQM 15 the ceUular radiotelephone is in the wait for call state 37 then 

(FKt. 2 11) and the DSP audio measurement subsystem in further processing is taken in the wait for caU state process 

the FQM (FIG. 3 13) operate identically. For clarity in step 42. If an invalid state is detected by reaching step 38 Ac 

describing the operation <^ die DSP audio measurement state is reset to the place call state, 

subsystem in the Mowing paiagmphs the MQM and FQM ^ ^ ^ aflowdiart detailing the processing taken by the 

systemswiUberrferredtoas 'i^ntroUer'^ 20 mQM system when the cdlular nSiotdephone is in the 

measurement subsystem wiU be referred to as 'DSF. place caH state. A time-out counter is used to aUow for call 

There is a commnnication interface between the controller retries when a call is attempted with either no semce or 

and the DSP. The interface consists of dual peal ram acces- ROAM indication. This time-out is first tested in step 43 

siUe by the controller that is phystcally present on the DSP. befOTC an^ further processing is taken. If the time-out is not 

Rpogramloading for the DSPwiU be done dirough this dual ^5 zero &cn the time-out counter is decremented in step 44 and 

port ram. All communications between the DSP and the the process is exited. If the time-out is zero the cefiular 

controller will also be accomplished throu^ this dual port radiotdeplione is tested for service indication in step 45. If 

ram. TABLE D lists the dual port ram layout a service indication is observed then a call is placed in step 

After the initial DSP software load, the dual port ram on 46, the start of a call is recorded in step 47 and the state of 

the DSP will be divided into conmiand, configuration and flie ceUular radiotelephone is changed to the wait for voice 

data areas. The controller will initiate monitoring by initial- channel state in step 4S. 
izing the configuration addresses for the selected channel 

The DSP will perform the requested measurement type and No Service Call Altcnqjt D^crmination 
fiU the data area of the dual pest ram with the results. The 

DSP runs continuously, mcasurcing as long as a measure- ^ ^o service indication is observed for five consecutive 

ment type is configined in die dual port Gearing the seconds then a call with no service is recorded in step 50 and 

measurement enable flag disatdes measurement collection time-out counter is setup to the no service time-out 

for a particular channel period in step 51. 

The configuration addresses are used to set up the sample t»/^ ^ n * rv • ^• 

size, sdcct the measurement type, and set threshold values. ROAM Call Attcnqrt Determination 

for noise monitoring. Hie sanqile size address is common to 40 j^^^ ^^^q^ radiotelephone has ROAM indication for 5 

all channels. Themeasurementenablesandtkresholdsetand consecutive seconds 52 then a ROAM: call is recorded 53'' 

reset parameters are defined sq)aratEly for each channel ^n d the timeout counter is setup to the ROAM call time-out 

Each channel has a separate data area. The followmg period 54. 

data-^^^ HG. 7 is aflowchart detailing theprocessing taken by the 

lOtfa^ SO&^and 90th pcrccntfl« is wntten into <hc date area 45 j^q^ system when the ceUular n^otelephone is in the 

bythep^whenapmodoftimeequ^ place caU state. In step 55 the ceUular radioJclephone is first 

has expired. Tnis is me current measurement data. - -l i- * 

uao 6Apu * IB uis^ wui^ui, mwwu* wua. ^ ^oice chanud assignmcut 

Additionally, each channel has associated noise buffers m 

the data area. These buffers are used to store the cunent data Blocked Call Determkation 

when the noise threshold values have been exceeded. There 50 

are 10 buficis for each channel Each time the threshold has If the ceUular radiotelephone is not on a voice channel 

been reset and then exceeded again, the current data is put then in step 56 the voice channel assignment counter is 

into the next ncHse buffer. The noise buffer is circular, such incremented. This counter keeps track <^ the number of 

that after the last location is filled, the next buffer to be used seconds since a caU was placed and a voice channel was 

is die first buffer. This is the noise excursion measurement assigned. This value is tested by stq) 57 if a timeout vahie 

data. is exceeded then in step 61 a blocked caU is recorded and 

The cdlular radiotelephone quality assessment data col- step 62 changes the state of the cdlular radiotdephone to the 

lection softwatc used in MQM is based on a state madiine. place caU state. Hie value of the time-out is variable from 

Different actions are taken based on die state of each ccUular one cdlular system to another and is adjustable by die 

radiotdephone in the system FIG. 5 is a flowchart detailing operator of the system A typical value for the time-out is ten 

the processing of die state machine for the MQM system ^ seconds. 

This process is executed once eadi second for each ceUular ff the cellular radiotelephone is on a voice channd then 

radiotdephone attadied to the system The ceUular radio- stop 63 sends the identify and die measure commands to die 

tdephone can be in one of four states— place caU, wait for FQM system. The identify conmiand sent from die MQM 

voice channel, measure, or wait fc^ caU. The initial state of system to die FQM system informs die FQM syst^ which 

each cdlular radiotolephone is set to the place caU state. 6S MQM system and which attached radiotdephone for diat 

Before die state of the cellular radiotelephone is tested in MQM system is responsible for die caU. The identify 

stq>s 33, 34, 35 and 37 the current status of the ceUular command also contains the current date and time of die 
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Z2m^o^toM<^^^M^^^^ rSld is definable. A typical valae for a thB^ 
the OQA system nay l**" .*^'=°K,^anof ™ eaU is four. Tie ilettrminatioD of excessive to^^ 
measu^conmmdalsotransnrittedmstep«3coB^ s^fcrcounting tenumba of haiutoffs observed J.^ 

4eirfonnatio«.«e,Mbyth=FQM_^stoutobeg^^ 5 «^"^g^pjart«ll»larradi<*eleihoneco«t,o]l«10 

measurements. Sttp 58 to deades if a tone is ^ 
Icaneiitlyselectedmeasurementtype.IfatoKisreqiB«^^ ofHG.Z. 

step 59 starts the tone. Step «3 then stmts audio measme- Doot Unk Call Detonination 

mMts and charges the state of the radiotehrhone to the / 

Dropped Call Detenninalioii a noisy down link call J>7. 

If the ceUular radiotelephone is no longer on a voia ^ Determination 

records a drroped call. The state of the radiotelephone is jo n is a flowchart detailing the ptocessuig taken by 
(hen changed to the place can state in stq) 77. the MQMsystan when the eeUular radiotelephone is inme 

If the cdlnlar radiotelephone is still on a voice channd ^ step lOl detenmnes if a call has been 

to step <5detamiBes if it is time to measure the au6o. ff ^^^^ 

audio measurementexcarsionhas been observ^^^ radiotelephone has not received a cdl as 

notedbystep7SforfuturerrfaencemAeendc^pw^^ deWmfned by step Wl then in step 103 the caU iM^ 
(seeHG.9).Ifthecandurationhaso5.«dCTthenstep76 ~*^^^^i,,,emented.This«^^^ 
executes the end can process (see HG. 9). S^^h of seconds since the end caU with caUbadc 

nOisaflowchartdetaningtheprocessingtekEnbythe 35 jjjaed to the FQM. Tliis value is tested by 

MOM systan during the end can PK«»- ^^lo mrasiOT- ^^^^ ^^geded then step ICS 

Tnts Se first stop^ by step 79. Step 80<kfammesrfa ^aUocked can and step IW changes the state a 
Tnehasbeenstarted-Hatonehasbe^istartedstt^glsw^ cSndiotdephone to the place call state^lhevsta^ 
the tone. THe classify can process (see FIG. W) >!j^ ^etimMUt is variable torn one ceUular system to anofliff 
aecutedbystep83.Step83determin«ifit^a^^ ^5 is adjustable by the operator of tte system. A typical 
FQM systemtocaUtheMQMsystan.ffistiMfatoel^ ^j^^^j seconds. 

toVuieMQMthenst^84sendstheEnd^^ Hfte cellular radiotelephone has raeivedacaB to step 

back message to the FQM system and 4e stale « <*a'g<» " "tTTidentifir ^ fte measure commands to the 
te state ofOie cdlnlar radio telephone to the wait fo^ «U sen^e ^ 

caUs.mnuinbaof MQM calls between wmr^m^i^^ loc . ^ ^ jj^gg^i on a state 

^definaMeandmay be disabled, in Which case aU calls « ^^^^jf^^^^M^a,,^^ 
are made by the MQM system. ^^o^a^SS to die systenL FK. 12 is a 

HaiOisaflowdiartdetailingtt^p^gtakenby ^^°»^t%«sing of'the state mato far 
IheMQM system during the dassifycaU process. SiVS^^tSuspTocess is executed once eadiw^^^^ 

S S^ff fX. THe detennination of an observed SAT fade ^-^^^^ waiting for caU state as deteimmed by step 108 
S^jTSthepriorartceUularradiotdephone SSitoherprocesdngistakeninthepUcecaUstatepo^ 

Suer 10 of HO. 2. « step 109. If the jiione line is in flie w«tmg forc^ 

. . channel state as determined by step 110 then further pio^ 

Strong Adjacent Channd Deteiminahon messing is taken in the waiting for command state process 

c«Bularradiotdcphoneconlron«lCofnG.i S^fljone U r^S^fte place caU stat.. 

Excesave Handoff Detennination 45 piQ_ 13 a flowdiart detailiBg the i«ocessing^ by 
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answers the phone, stqp 121 records a call start and step 122 determined by stq) 158 then the caU is classified as a noisy 

dianges the state of the phone line to the waiting for up link call in stq) 159. Stq) 160 dctennines if the number 

command state. Otherwise no action is taken. of noise excursions observed during the call exceed the 

FIG. 14 is a flowchart detailing the processing taken by excursion threshold if so the call is classified as a noisy 
tiieFQM system when the phone line is in the waiting for 5 up link call 161. 

command state. If the identify command is received as .r, . t • i ^ « • • 

detennined by stq) 123 then further processing is made in Good Up Lmk CaU Detetmmadon 

tfie identify command process step 128. ff tiie measure Otherwise the call is classified as a good up link call by 

command is received as determined by step 124 then further step 16Z 

processing is made in the measure command process stq) xhc state of the phone line is then changed to the waiting 

129. ff the end call command is received as determined by ^ by step 163 

stq> 125 then further proces^g in made in tiie identify hq. 19 is a flowchari detailing the processing taken by 

command process stq) 130. If the end call with call back cXx/ ^ l^u • ^''^ 

command^recdvedJ^ deteiminedby stq) 126 then further f^^^ ^f"' when the phone h^ st^e. 

processing in made in the end call with^llback command \^ ^ ^J^^'£ '""A^" 

«rw^*.« 111 7f a n^T«m»«^ n«t ^r^^s^ « .^.^^ cuiient audio measuTcment IS iccoTded 167, Stq) 168 detcT- 

Si^;itn^T^th^^^^^ ^ measurement excursioThas been 

^^^Tr^^^^ observed. If an audio measurement excursion has been 
and the state is changed to the watme for call state 132. ^^^k^- *^ bu«iv iii^»i^.ui^Ks.MMia±vu mu uv^u 
T^r. 1 T. ° . observed then this is noted by stq) 169 for future reference 
HG. 15 IS a flowchart detailing aeproccssmg performed in the end call command process (sec FIG. 17). Step 170 
by the FQM system during the identify command process. detennines if the measurement duration has expired. If the 
First fee identity of the calling system is extracted from the measurement duration has expired then the audio measure- 
message by step 135. The date and time of the calling system ^lents are stopped and the state is changed to the wait for 
is then extracted firom the message by stq) 136. In step 137 command state in step 171. If a tone has been started as 
the time offset between the calling MQM and the FQM is determined by stq> 172 then tiie tone is stopped by stq) 173. 
calculated. This time offset is used for all data written fw die ctri ;^ * n^r^u^ a- **v«n 

«. ^ rnui 11 1^-1 -Kmr^xr * ^ 11 HCj. ZO is a llowcnart octauing the OToccssing laJEcn oy 

calhng system. This allows multmle MQM systems to call 25 «4,An «u««- *k* *^ ^ii 

oneFQMsystemasaUthnerrfereicesin^thedate 

2i • t.\c^Ii~i*rt?7 ^^rixM m uic ^^'^"^ state. If it is time to place a call as deteimmed by stq) 175 

eadstfw the caffing device as detamined by sta) 138 then "Ranged to the waiting for command state by step 177. 

a ffle is created in step 139. The OQA system takes data collected by flie MQM and 

r^f, -.e- a t J _c J FQM and matches it based on the date and time of flie data 

u.^-i^w''^'^'^*^'^*''^™^?^^"^ oUecdon to produce statistical tables and graphs that rq>- 

^ the FQM system dunng the measure command proces. ^ ^ ^ ^ 

Rrst the measinenjeitf ^ters are extracted fiom the 35 tdcphone that was emdsS during flie data coUcction 

command by step 142. If the requested measurement type mocGss. 

requires a tone as determined by stq) 143 then a tone is ^ ^ . _^ • ^ ^^i, ^ 

^artedins^mStepl^JnZgesthestateofthe abS^SS'^rSS^teMQ^ 

phone Ime to the measure state. TSt^m S: p*^*-^ ^3 "^vj" 

tm a V J M- • - „r a and FQM systcms. For tUs preferred embodiment the OQA^ 

FIO. 17 is a flowchart dctailmg flic processing performed ^ ^^^^ consists of software extensions that have been added ' 

^ the FQM sy^m during the piid adl command process. into a prior art cellular data analysis tool that executes on 

First, m stq) 148, the phone Ime m hung up. co^^)ute^ capable of running the Miooscrft \Wndows 

Ndsy Up link CaU Determination opaaling environment 

FIG. 25 is a flowchart detailing the processing taken by 
If the percentage of the audio measurements made during 45 the OQA system when matching the data collected by the 

the call that fall outside the audio measurement threshold MQM and FQM systems. In stq) 200 the data collected by 

exceed the noise measurement percentage threshold as the MQM and FQM systems are manually transfeired to the 

determined by stq) 149 then in step 150 the call is classified OQA system or in the case of the FQM system this data may 

as a noisy up link call. Step 151 detennines if the number of be automatically transferred through a local area network, 

noise excursions observed during the call exceed the noise The data files are then opened by step 20L b stq> 201 the 

excursion threshold, if so, the call is classified as a noisy up MQM data file in opened first The identity of the MQM 

link call in step 152. system and the date of the data coUedion are read from the 

MQM data file. This information is then used to construct 

Good Up Link Call Determination the filename for the required FQM data file. The FQM data 

OtherwisethccaliisdassifiedasagoodcaUby step 153. 55 ^^^"^"^ ^^^f^ ^ ^' ^'u^.T'^ ^J"^ 

, t. 1. f . c t J 1 " matching process takes place. The result of the matdung 

The state of the i*onc line IS then changed to tiie waiting p-occss is a updated MQM data file that contains the data 

for can state by step 154. collected firom the MQM and FQM systems. Contained in 

FIG. 18 is a flowchart detailing the processing performed the beginning of ttie MQM data file is the call statistic record 
by the FQM system during the end call with call back that contains totals of the statistical information contained 
command process. First in stq) 157 the phone number to call 60 within the file. This record is later used when creating 

bade is extracted from the command and the phone line is statistical tables and gr^hs and when multiple files are 

hung up. combined to foim a comprehensive view of the performance 

VT . TT » • I ti J *i of a cellular network. 

Ndsy Up Link Call Determination x * n * .i. j * r • t u- ^ 

' ^ In step 202 all of the data for a single call IS read from the 

If the percentage of the audio measurements made during 65 MQM data file. This data contains the call start record, the 

the call that fall outside the audio measurement threshold audio quality measurement records, and the call end record. 

exceed the noise measurement percentage threshold as In stq) 203 the corresponding records are located in the 
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FQM data file. The call start lecoids are simply used as Exchange (DDE) application programming interface sup- 
location markers. The audio quality measurement records port by the Miaosofl Mndows operating environment 
read from the FQM are inserted into the MQM file based on HG. 26A is a typical call totals table produced by the 
the time of collection. The call end records contain the OQA system. FIG. 2S& shows the same data in graphical 
dassiflcationofthe call For the FQM this classification can 5 form. The call totals table and gr^ shows the absolute total 
be a good call or a noisy uplink call For flic MQM the call numbff of each call classification and call classification 
classification can be a good call, blocked call» dropped call, modifiers. The bar chart contains bars for all of die call 
ROAM call tto service call or noisy downlink call In classification and classification modifiers. This particular 
addition three caE classification modifiers are contained gr^ shows the comparison of flic two cellular systems* *A 
within the MQM call end record— excessive handoffs, band' and 'B band*, providing service in the area that was 
strong or loud adjacent channel signal strength, and SAT tested. 

fades. The MQM call end lecwd is iq)dated with the FIG. 27Ais a typical call percentages table produced by 

dassification found in the FQM call end record. If the FQM the OQA system. 

call end record contains good call classification the MQM FIG. 27B is the A Band data in graphical form, 

call end record is unchanged. If the FQM call end record piG. 27C is Ac B Band data in graphical fam 

contains noisy uplink caU dassification then the MQM caU ^5 ^ percentages s table shows the percentage of the 

end recOTd is marked accordingly. xoisii number of calls for each caE dassification and call 

In step 204 the call statistic record in the MQM data fib dassification modifier: The pie chart only contains slices for 

is updated to reflect the new call statistic totals. each call classification. Hiis particular gr^h shows flie same 

Step 205 repeats the process until the end of the MQM file data depicted in FIG. 25 except in pax»ntage form, 

is found, ^ FIG. 28 is a typical periodic table. The periodic table 

One tiie matdiing process is completed one or more shows both call totals and caU percentage, , ; for eadi caU 

matched data files can be used alone or combined to create classification and call dassification modifier grouped 

statistical tables and graphs. HG. 24 shows the user inter- according to a specified time interval This particular 

face provided by the OQA system for the sdection of data exanqjle shows the data grouped into three days. The 

collection files. Once flie uso: has sdcctcd one or more data ^ interval could also be weeks or months, 

files the user interface shown in HG. 25 is displayed FIG. 29Ais a typicalperiodicpercentagesgrqA depicting 

allowing the user to sdect the types of reports to be the data fipom FIG. 28 for the A Band. FIG.29B shows the 

generated. Once die report types are selected the selected data for 4c B Band in graphical form. The periodic pcr- 

files are opened^ the call statistic records are combined if centages graph table shows both call totals for each call 

more than one file is selected, and the data is then used to 30 classification grouped according to a specified time interval, 

create statistical tables and graphs as selected by the user This particular exan^le shows the data grouped into tiiree 

representing tiie quality of service provided by the cellular days. The interval could also be weeks or months, 

system where these file were collected. For this preferred The above described preferred embodiment is merely 

embodiment the Microsoft Excel windows appHcatioas is illustrative of the prindples of this invention. Structural and 

utilized to create the tables and graphs. This is acconiplished functional modifications can be made without departing 

automatically using the well known Dynamic Data from the scope of the invention. 



TABLE A 

Phone CoolrDMer board Ccyr^P'^^i'^tkin and cnntTol bufiet. 



Name 


ByteSiu 


£ DescriptioD 


Register lA 


2 


HaidTaie Laldi codIidI registers for Board 1 


Re^ster IB 


2 




Re^^ter IC 


2 




Register ID 


1 


DTMF registers 


Register 1£ 


1 


hftfic Select 


Register IF 


1 


In] Register 


Register 2A 


2 
2 


Hsidware Lalcfa control registers for Board 2 


Register 2B 
Register 2C 


2 




Register 2D 


1 


DTMF legisteis 


Register 2E 


1 


Mux Select 


Register 2F 


1 


&q Register 


Renter 3A 


2 


I&adware Ijatcfa contiol registers for Board 3 


Register 3B 


2 




R^ter3C 


2 




Renter 3D 


1 


DIMP registers 


R^ter3E 


1 


Mux Select 


RppstcrSF 


1 


hq Register 


Register 4A 


2 


Hardware Latch control registers for Board 4 


Register 4B 


2 




Register 4C 


2 




Register 4D 


1 


DlWiegisteis 


Register 4E 


1 


Mux Select 


Register 4F 


1 


hq Register 


Scratchpad 


10 


Scraecb-Psd registers for hardware ISR use. 


FIFO Flags 


1 


FIFO Bill Flag (iKm zero indicates fiiU FIFO) 


FIFO in counter 


1 


FIFO in counter 
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TABLE A<ontiimed 


Phone OoDtrolkr bond Cornrmmfcarinn and oantrol buffer. 


Name 


Byte Size Descrqrtkm 


FIFO out counter 


1 FIFO out coooter 


FIFO 


256 Qobol data space, for transfer between the 




Hardvare ISR and FQM windows plication. 



TABLE B 



' Riou OontioIIer Device I>river Hardware I^eci6c Re^^ 



BDl_J>OItLJASE 


0300h 


FQM Boaitl#l I/O pmt base address 


BD2_P0KL3ASB 


031Gb 


FQM Boanl#2 I/O port base address 


BD3_P0iaLBASE 


033ah 


FQM Boards I/O port base address 


BD4_P0RUASE 


OaSQb 


FQMBoard#4 I/O port base address 


CSLA-OFFSET 


OQh 


FQM Haidwaro select A O&et 


CS__BL-QFFSET 


.02h 


FQM Haidware Chip Select B O&et 


CS_C_aFFSBT 


(Kb 


FQM Haidvaie Chip Select C Offeet 


CSLJ)_JlCVXMLOFST 


06h 


FQM Hardware Ch^ Select D O&et 


CSLD_SI^[rCIL_QFST 


07b 


FQM Haidware Ch^ Select J> + OSscX 


CS_E_aFFSBT 


08h 


F(^ Hardware Ch^ SelectE Ofibet 


CS_7_0FFSEr 


OAh 


FQM Hardware Chip SelectF Of^ 



Re^ster hardware control bils are defined as folbws: 
Refflster Abits: 



DALVCl 
OFF^HKl 
DAL.VC2 
0I1L-HK2 

MUXALJW) 

MUXA1_A1 

MORALE 

CLJIDI 

CLJIDl 

CL_RD2 

CU_TO2 

INTJEN 

WDOGJEN 

HCKLE 

a_WDOG 

RegtsierBbits: 

LAIIV2 

SID2 

SCK2 

CS_J^MP2A 
UD_J^MP2A 
1NC_J^MP2A 
UD_jaklP2B 

LAHVl 

SIDl 

SCKl 

CSLAMPIA 
UD_JVX1P1A 
INC_J«k!PlA 
UD_JUdPlB 
JNCJkMPlB 
:bite: 



CSLJIMP2B 

CS_AMP2C 

UD_>\MP2C 

INC.JVMP2C 

CSLAMP2D 

UD_^AMP2D 

INC_AMP2D 

CS_J^1B 
CS-J^IC 
in)_AMPlC 
INC_AMP1C 
CSL^AMPID 
UD_JVMP1D 



0000000000000001b 
0000000000000010b 
OOOOOOOOOOOOOlCOb 
OOOOOOOOOOOOlOCOb 
OOOOOOOOQOOlOOOOb 
OOOOOOOOOOlOOOOOb 
OOOOOOOOOlOOOOOOb 
OOOOQOQOlOOOOOOOb 
OQOOOOOlOOOOOOOOb 
OOOQOOlOOOOOOOOOb 
OQOOOlOOOOOOOOOOb 
OOOOlOOOOOOOOOOOb 
OOOlOOOOOOOOOOOOb 
OOlOOOOOOOOOOOOOb 
OlOOOOOOOOOOOOOOb 
lOOOOOOOOOOOOOOOb 



OOOOOQOOOOOOOOOlb 
OOOOOOOOOOOOOOlOb 
OOOOOOOOOOOOOlCOb 
OOOOOOOOOOOOlOOOb 
OOOOOOOOOOOlOOOOb 
OOOOOOOOOOlOOOOOb 
OOOOOOOOOlOOOOOOb 
OOOOOOOOlOOOOOOOb 
OOOOOOOlOOOOOOOOb 
OOOOOOlOOOOOOOOOb 
OOOOOlOOOOOOOOOOb 
OOOOlOOOOOOOOOOOb 
OOOlOOOOOOOOOOOOb 
OOlOOOOOOOOOOOOOb 
OlOOOOOOOOOOOOOOb 
lOOOOOOOOOOOOOOOb 



OOOOOOOOOOOOOOOlb 
OOOOOOOOOOOOOOlOb 
OOOOOOOOOOOOOlCOb 
OOOOOOOOOOOOlOOOb 
OOOOOOOOOOOlOOOOb 
OOOOOOOOOOlOOOOOb 
OOOOOOOOOlOOOOOOb 
OOOOOOOOlOOOOOOOb 
OOOOOOOlOOOOOOOOb 
OOOOOOlOOOOOOOOOb 
OOOOOlOOOOOOOOOOb 
OOOOlOOOOOOOOOOOb 
OOOlOOOOOOOOOOOOb 
OOlOOOOOOOOOOOOOb 



DataAfaicechl 
OSHookdil 
DatB/Vncech2 
0£rHodLdi2 



MuK Selector A Chi Addr line 0 
MuK Selector A Chi Addr lino 1 
Mux Selector A Chi Addr line 2 
Clear Ring Detect btenuptChl 
Clear Tbne Detect btem^ Cbl 
Clear Ring Delect Mcnupt Cfa2 
Clear Tbns Detect lotemq^ Oi2 
FQM Haidware Intenrqrt Enable (AH) 
lIVatchDog ibitem^ Boable 
WEklchDog ricUe 
Clear Watch Dos Inlemtpt 



Ftos^incgen Ch2 Saial Input Latdi (fidhng edge) 
Ptotg jincgen Cfa2 Serial fiiput Data 
Piog.siin.gea Cfa2 Soial Cock (risiqg edge) 
Prp8.amp A Ch2 Chip Select (assexted bw = 0) 
Prpg.anip A Ch2 Up(iyDown(0) count direction 
FK^.amp A Ch2 htcretoent^ t<^e 0 to 1 to move wiper 
PiOgjunp A Ch2 Up(iyDawD(0) count directioa 
Prpg-amp B Ch2 Tnarmnrt, toggle 0 to 1 to move wiper 
Ptog^incgen Chi Serial Ii^Fut Latch (fEtlfing edge) 
Prpg^ine^ Chi Serial Iqrut Data 
Prog.siDe.gen Chi Serial Cbdc (rising edge) 
Pro>gimp A Chi C3iip Sebet (asserted bw » 0) 
Prog.an5 A Chi Up(iyDowi](0) count diiectian 
Prpg.an9 A Chi htcianent» toggle 0 to 1 to move w^er 
PtO!g.an]p B C3il Up(lVDown(0) count directiDn 
Ptog.an9 B Chi Incirmcnt, tt^ggle 0 to I to move wiper 



Prpg.amp B Ch2 Chip Select (asserted bv = 0) 
Prog.amp C Ch2 Chip Select (asserted bw = 0) 
Ptpg.amp C Ch2 Up(iyDown(0) count direction 
Piog.ainp C Ch3 Incnnenl 0 toggle 0 to 1 to move wiper 
Ptpg.amp D Ch2 Chip Se]ect(as5eitcd bw = 0) 
PiQg^ D Ch2 Up(iyDown(0) count Erection 
Pt9g.amp D Ch2 bcremcnt - toggle 0 to 1 to move wiper 

Prpgjinqi B Chi Chq> Select (asserted bw = 0) 
Ptpg jnap C Chi Chip Select (asserted bw = 0) 
PtQg.anip C Chi Up(l)/Down(0) count direction 
Prqgjtnq) C Chi Inctement • toggle 0 to 1 to move wiper 
Prqguimp D Chi Chip Select (asserted low = 0) 
Prpgjonp D Chi Up(l)rt)own(P) count direcfion 
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TABLE B-continued 



FtottOcmttoilcr Device Driver Haidwajc Specific RegistBrDesaiptions 



]NC.J\MP1D 0100000000000000b Prag^ D Cbl Inciement . toggle 0 to 1 to mow wi^ 

1000000000000000b unused 
Re^ster D is used for commmiicatian to tbe DIMF diip. Ibe register is doubled for writing and 
defined difEoeotly forieadiug. 

DIMF Thnsceiver Control Register A bits: 



TONE-Otm 
CPjyiMFl 
DIMF_|NTJN1 
REGLSEU 
TONE-OUn 
CP_jnMF2 
niMF_JNr_EN2 
REGLSEL2 
DIMF Thnsceiver Control Rggstcr B bits: 



OOOOOCOlb 


to 


00000010b 


0 


OOOOOlOOb 


1 


00001000b 


1 


OOOlOOOOb 


lo. 


00100000b 


0 


OlOOOOOOb 


1 


10000000b 


1 



' DIMF mode - 1 = call prt^grtss (CE^ mode far Chi 



: select reg3 on next write fiDrCh2 



BURSTLMODEl 


OOOOOOOlb 


0 = Enables BVKSt Mode for Chi 


XEST^MODEl 


00000010b 


1 = Enables TEST Mode far Chi 


SGLjyi7HF_TONBl 


OOOOOlOOb 


0 = DIMF tone gen for Chi • 1 = Siogletone gen for Chi 


COUJlOWjrONESl 


00001000b 


0 = sgl ROWfieq forChI - 1 = sgl Cohmm £req for Chi 


BURSX-M0DE2 


OOOlOOOOb 


0 = Enables BURST Mode for Ch2 


TEST3I0DE2 


00100000b 


1 = Enables TEST Mode for Ch2 


SGI<J)UAU_T0NB2 


OlOOOOOOb . 


0 - DIMF tone gen for Ch2 _1 = Single tone gen for Ch2 


COmOWTONES2 


10000000b 


0 = sgl R0WficqfbrCh2 J[=sBlCDhnim&eqfoTCh2 


DTMF Ihnsceiver Statts Renter bits: 




DIMFJNILOCURl 


OOOOOOOlb 


1 =lDt has occuned Ckaied on read Chi 


XMr_RE!G_FMPTyi 


OOQOOOlOb 


*1 ^Xint ready for data cleared on read Chi 


RCV_JIEG_JTJIJL1 


OOOOOlOOb 


*0 =3 YiHd da^ in Rfiv reg cleared on read Chi 


_J)EtyD_SlERl 


OOOOlOOOb 


0 - '^lEd DIMF sig 1 = absent DIMF sig Chi 


DTMF_JNT_0CUR2 


OOOlOOOOb 


1 := Int has occurred Cleared on read Ch2 




OOlOOOOOb 


*1 =0(int teatfy for data cleared on read Ch2 


RCyjlE0_FUI12 


OlOOOOOOb 


*0 = AW data in Rev reg cleared on read Ch2 


_DELYD_S1ER2 


lOOOOOOCS) 


0 = ^ DIMF sig I =ahscnl DIMF sig Ch2 


Re^fiter E bits: 






MUXAZ_A0 


OOOOOOOlb 


Mux Selectot A Ch2 Addr line 0 


mXAUd 


OOOOOOlOb 


Mux Selector A Ch2 Addr line 1 




OOOOOlOOb 


Mux Selector A Ch2 Addr line 2 


MUXBLJ^ 


OOOOlOOOb 


Mux Sefector B Cbl Addr line 0 


MUXBLJ^l 


OOOlOOOOb 


Mux Selector B Cbl Addr fine 1 


MUXBZ^ 


OOlOOOOOb 


Mux Sefector B Ch2 Addr One 0 


MUXBija 


OlOOOOOOb 


Mux Sefector B Ch2 Addr fine 1 




lOOOOOOOb 


unused 


Register F FQM Hardware Internet CQntroDcr Bits Read Only 


mcouT 


OOOOOOOlb 


Wkldi Dog Timeout Ifotern^t 


RmCLDETl 


OOOOOOlOb 


Riilg Detect lulciii^t Chi 


TONEJffiTl 


OOOOOlOOb 


DIMF Detect Intermpt Chi 


RINGJ)En 


OOOOlOOOb 


Riqg Detect iatenupt Ch2 




OOOlOOOOb 


DTMF Detect bterrnpt Ch2 



TABLE C 


The fidlowiqg conmands arc sent torn the MQM to die FQM. 


identify 
Measure 




TbmuDate call 




Ibrmimte call with call back 




The folkrwhig commands are sent 


fiom the FQM to the MQM. 


Positive A^DOwledge 




Negative Acknowledge 




All sixteen DTMF digits win be u 


sed for communications. 


The digits 0-9, # and * win be used 


for data transmission. Tbe digits A-D will have special 


meaning as described below. 




DTMF Digit 


Description 


A 


Start of Message 


B 


KnH of Message 


C 


FieM Separator 


D 


Reserved 6or future use 



TABLE C-continued 



Messages will be sent between the MQM and the FQM 
via DIMF message packets. The 
foUowiqg secttoQS describe each message packet. 
Identify Command 



Descriptim 


Number of DIMF Di^ 


its ^dVahies 


Message Start 


1 


A 


Message Number 


1 


1 


Unitmmiber 


1 


0-9 


Device Number 


1 




rone 


6 


TimeHHMMSS 




1 


0^ 


Messa^Eod 


1 


B 



Messa^ Start 
AU messages win b^ with tbe A character. 

The eommand cumber 1 
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TABIB C-continued 



Time 
The MQM time. 

sart char«cto> message ^ cha^^ 
arc i»t fflchidaJ in the ctecksam ca^^ 



"^^Msapscnd wife the B character. 
Hifeasore Noise 



Mess^ Start 
QoQODaad 
Measurooeiit type 



Sample Size 

l^jise IhtesfaDld 
Reset 

Datastorage 



1- Stnad 

2- C 



3- 



CNotcb 
CSinad 
Notch 
Unity 



1-9999 



0^ 
1-9 

30-999 Seconds. 



Don&m 
Chocksum 
Message Bnd 



0^ 
B 



will begin with the A character. 

UmnMtnn 



OomoBiB 
The current coDnnana 2. 

*TSf2^Mess.ge.3CNotcW Noise, 

4 C w^ghted Sioad, 5 - Notch, or 6 - 

Unity ouipot 



jU iM ii i'ina lioiL 



O Pi Hti""'"""'- 
u)ise mcmitoriog- 

to period ttaPQMsyttffl 
nspoallo connBiKls. 

mstase sort ctoBcta, Ike messjgp 

(tjeclcasn catcnlatiQn. 
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TABLE C-coPtmued 



The cunent command 3. 
T^aminateCaP with CaU Back 



*X^.ni begin wi^^eAd^- 




Seconds for can 

,5 Field Separator 
PbaM Number 
Field Separator 
Qscksum 
Message End 



Canmana 
Uic current oommand 4. 

^ row cMtem cans the MQM system- 




PhmcNvonber 
PhDM number used for callback. 

Field Separator 



30 



. tt™1 



li^sagecw 
AU messages end with the B character. 

35 pnniiveActaiowte^ge _ 

Ttis message is s«>t«ly by the FQM^ This 

„^ indicates tot the FQM«cci«d 




^ "^^^S^wiUbeginwiditl^Acteacter. 

CommaDd 
The cunent command 8. 



AH Dwsajss ad Witt tie B etawter- 



''^J^^sages Old with the B doncter. 
TV 

Descnption 

"1 A. 

McssageStart ^ 3 

Command ^ q 

KfessageEnd - 



win begin with the Acbaracter, 

Command 
The current command 9. 

Message End 
65 AH messages end widi&cBcharactet 
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TABLED 
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Sbaicd Memoiy 



sizes 



are in 32-bit words. 



Descripticni 



Size 



VME Access Flag 
Sample Size 

CHANNEL 1 -Hter Enable Mask 
CHANNEL 2 - Filter Enable Mask 

CHANNEL 3 - Fitef ^ 
CHANNEL 4 • Filter Enable Mask 

DSP HealHi Status 

Re^Hsion Number 

RESERVED 

Hb» Generation Period (All Channels) 
Ibne Geneiafion TUjle Size (AU Channels; 
CHAN 1 - Itac Oeneiatioa Amplitude 
CHAN 2 - Tbne GcDcratioo Amplitnde 
CHAN 3 - Ibne Cjeneratioa AmpBtude 
CHAN 4 - Tone OeocratiDa Amplitude 
CHAN 1 - Direct A/D Ootput 
CHAN 2- Direct A/D Output 
CHAN 3 - Diiect A/D Output 
CHAN 4 - Direct A/D Output 
RESERVED 

CHAN I -Noise Threshold 
CHAN 1 - Noise Reset IteeshoU 
CHAN 2 -Noise Threshold 
CHAN 2 - Noise Reset Thrtshold 
CHAN 3 -Noise Threshold 
CHAN 3 - Noise Reset Tbrcshold 
CHAN 4 -Noise Threshold 
CHAN 4 - Noise Reset Ttaeshold 



CHAN 1 Data Block 

CHAN 2 Data Block 

CHAN 3 Data Block 

CHAN 4 Data Block 

CHAN 1 DTMF/Call Progress Block 

CHAN 2 DTMBCall Progress Block 

CHAN 3 DTMF/Call Progress Block 

CHAN 4 DlMFXim Progress Block 

lbs formal of the Channel Fdter Data Blocks: 

Avoage 
Maximum 



Standard Demtton 
10th Pereenlile 
SOthBncentile 
90th Pcicenlile 
RESERVED 

Noise IhreshoU Data BuEEer 1 
Noise Tlneshold Data Buffer 2 



Noise Threshold Data BuSer 4 
Nwse Threshold Data Buffer 5 
Ifcise Ttredrold Data Buffer 6 
Noise Ttaeshold Data Buffer 7 
Nwselbeshold Data Buffer 8 
Noise Ttashold Data Buffer 9 
Noise Ttoeshold Data Buffer 10 



Noise TlncdiDld Data Buffer FbrmaC 

Average 
Maximum 

Standard Deviatiaa 
10th Pereeutile 
50th Percentile 
90th Percentile 

EflMF/Call Progress Data Bbck Fbraiat: 
Call Progress Status 
EflMF Receive Status 
UIMF Send Count 



EfTMF Send Buffer 
UIMF Receive Buffer 



96 
96 
96 
96 
144 
144 
144 
144 



10 



20 



30 



What is daimcd is: 

1 A method for the establishment of reliable remote 
opcwtional control over one or more communication dian- 
a first measurement station by a second <»nU^ 
station by transmitting control messages eadi d which 
Msl s^encerf start, control command. di«ksm 
^dtop diSs utilizing Dual Tone Mdtip 
(ErrMF) tones for each digit conqmsmg the steps ol, 
converting at the second control station the control com- 
niand which conqwiscs one ot more scquen^y trans- 
mitted IXrMF digits into a control message by appena- 
ingachecksumDTMFdigitwhichis determined by an 

analysis of all of the digits of the control comr^d to 
the end of the control command and then mscrtmg a 
unique start CriMF digit before the first digit of ae 

^ol command and appending the control command 
with a unique stop ETMF digit after the previously 
added checksum DTMF digit, 
transmitting the command message as a sequence of 
OTMF digits begimiing the start DTMF digit and 
ending with the stop DTMP digit ftom the second 
control station to the first measurement station, 
receiving at the first measurement station the cominand 
mess4c sent by the second control station by wamng 
f (ff the unique start DTMF digit and coUcctmg DTFMF 
digits until after the unique stop DTMF digit is 
received, 

verifying at the first measurement station tiie command 
messL sent fromthe second control stationbyremw^ 
ing the start DIMF digit, the end DTMF digit and the 
checksum ETMF digit and ooiiq»aiing the reoeivea 
checksum digit against an analysis of all of the remam- 
ing DTMF digits which form the received control 



40 



45 



64 
64 



sending a positive acknowledgment from the first mea. 
suriient^on to the second control staUon if the 
rec^ved diecksum DTMF digilis equal to tiie calcu- 
lated Aecksmn, or sending a negative acknowletfemettt 
ftomthcfirstmcasurement staliontothe second confro^ 
station if &C checksum is not equal to the calculated 
checksum, and 
lesending the command message if the second con^ 
station receives a negative acknowledgment ftom Ae 
first measurement station or accepting as rehaWe by the 
second control station the transmission of ttiecammand 
message if die sccondcontrd station receives aposittve 
admowledgment tan &c first measurement station. 
2 The method of daiml in which a commumcau^ 

cn channel utilized for transmission and reception by ttie hrst 
cSst^isapuWicswitchedtdephonenetwo&anda 

communication channel utilizedfartrmsioa and^^ 

tion by the second measurement station is a ceUular radio 

S^of claim 1 in which a commudcation 
chaimcl utilized for transmission and reception by fte tirst 
control station is a ceMar radio telephone network and a 
communication channel utilized fa transmission and r^^ 
tion by the second measurement station is a pubUc switched 
teleohone network- , , . ^. . ^ 

4 The me&od of daim 1 in which a «>— Jf^^ 
chamiel utilized for transmission and rccepUon by ^th the 
first control station and the second measurement staUon is a 
public switched telephone network. . 
^ S The method of daim 1 in whidi the communit^tion 
65 chainel utilized for transmission and reception by toth tte 
first control station and the second measurement staton IS a 

cellular radio telephone network. 



60 
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6. The method cf claim 1 in which the first stadoa and the vided by a communicatioii channel after reliable xecdpt of 
second station each perfbims the functions of a control one or more control commands. 

station and a measurement station. 9. The mi^od of claim 6 in which both measuring 

7. The method of f^iatm 1 in which the checksum analysis stations pcrfonn an analysis of the quality of service pro- 
is pof ormed by a Module 10 addition of all of the digits of 5 vidcd by a communication diannel after reliable receipt of 
die control command. one or more oontrd commands. 

8. The method of daim 1 in which the first measuring 

station performs an analysis of the quality of service pro- ***** 
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